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Abstract
Motor control algorithms with high dynamics are generally based on two basic approach field oriented control (FOC) and direct torque 
control (DTC). The idea of the first one is to decompose the stator current based on the rotor flux, the second one controls the torque 
based on the stator flux. Therefore, the FOC is very sensitive to the parameter accuracy regarding the drive performance. That is why 
it is crucial to verify the parameter identification in the real environment. On the other hand, the parameter sensitivity of DTC is much 
smaller since the stator flux estimation requires only the knowledge of the stator resistance. The article focuses on the verification of 
rotor resistance identification in the FOC based drive system by means of the slip ring machine based test bench. The recommended 
procedure calculates the torque based on the stator current and flux to implement model reference adaptive system for online rotor 
resistance estimation without signal injection.
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1 Introduction
Nowadays, the vector control of the induction machines is 
implemented in two ways: field oriented control and direct 
torque control [1, 2]. In case of the FOC (Fig. 1) the rotor 
flux has to be online calculated in order to decompose the 
stator current into d and q parts, so the motor parameters are 
necessary. Since they are not constant during the operation 
they have to be monitored online if the goal is to achieve 
high dynamic motor control. In case of the DTC only stator 
flux has to be calculated for the torque control, it requires 
only the knowledge of the inverter output voltage, current, 
and the value of the stator resistance. It implies that the con-
trol algorithm is not sensitive to the motor parameters with 
the exception of the stator resistance [3]. The performance 
of the DTC is deteriorated at low motor speed where the 
voltage drop is prevailed by the stator resistance. Another 
disadvantage of DTC is the necessity of the inverter output 
voltage measurement. However, it can be estimated based 
on the DC link voltage and switching state of the inverter 
but the dead time can distort the output voltage.
There is always a machine model (MM) in the center of 
every FOC based control method which is the base point 
of the control proceedings [4, 5]. MM is used to simulate 
the real machine and in order to have proper simulation 
which follows well the behavior of the real machine it is 
essential to have a MM with the correct parameters. If the 
parameters are incorrect the control progress will fail or, 
at least, will be not sufficient. 
Security, stability and reliability are needed in case of 
industrial and automotive applications and this conditions 
require high accuracy in the aspect of the control methods 
and the used MM. An inaccurate MM will result in unde-
sired waves in the current and torque signals which are com-
pletely wrong in case of automotive applications. The main 
purpose of the design is the creation of a drive which has the 
possible best efficiency with the possible less effort, to find 
the optimum point of the operation which is the best and 
the cheapest. Usually, this operation point has very narrow 
limits and if the machine must operate there having a very 
accurate MM is indispensable. The online monitoring is car-
ried out in order to determine the losses, find the optimum 
operation point and it is done by using examination signals 
which may have influence on the system which is undesired.
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All in all, the performance of FOC is ruled by the 
parameter estimation efficiency mainly by the rotor 
resistance. In case of the Squirrel Cage Rotor Induction 
Machine (SCIM) this resistance cannot be measured 
directly. It means that the verification of the specific FOC 
based drive can be done indirectly e.g. based on shaft 
torque measurement. In case of the Slip Ring Induction 
Machine (SRIM) direct online measurement is possible 
based on the rotor current sensor signal. The introduced 
estimation procedure is so advantageous because it does 
not require any injection of examination signals into the 
system since the SRIM lets measure the rotor properties.
The intent of this article is to show a method to estimate 
the rotor resistance based on the electromagnetic torque 
online. It is the aim to provide a process and a measure-
ment environment that is suitable for measuring the rotor 
properties of a SRIM to create verification platform for 
the FOC based drives. To avoid the parameter sensitivity 
in the recommended solution the DTC approach is used in 
electromagnetic torque estimation.
2 Role of the Rotor resistance estimation
The possessing the correct value of the rotor resistance 
is very important to construct a MM. There are many 
online and offline solution for estimating the rotor resis-
tance. The [6] and [7] uses the back-EMF for the param-
eter identification. The [8] shows an online solution to 
estimate the rotor resistance. There is another solution 
which uses the reactive power for the estimation of the 
rotor resistance [9]. An adaptive algorithm is shown in 
[10]. Kalman Filter can be also used to estimate the rotor 
resistance [11]. Most of these techniques requires signal 
injection by the inverter. Various methods can be seen in 
the comparative study in [12].
The measurement or the estimation of the rotor resis-
tance in case of SCIM is not so simple because there can 
be more source for getting incorrect value which resulted 
in the bad positioning of the rotor flux. In the followings it 
is shown why it is recommended to use dynamic resistance 
value. The machine model is the basic part of the control 
process it is essential to possess proper parameters in order 
to satisfy the demands regarding the control. The depen-
dency of the parameters of the machine model during devel-
opment and verification must be taken into consideration.
Firstly, the most obvious phenomenon is the effect of 
the changing temperature on the resistance. As the higher 
the load on the motor goes, the higher the temperature of 
the coil will be. Thus, the resistance measured in “cold” 
state is not satisfied to use in the machine model. All in 
all, there should be used a proper rotor resistance for every 
single value of temperatures. The changing of the tem-
perature dependent resistance is written by Eq. (1)
R R TT = +( )20 1 α∆     (1)
The other critical point is the short circuit measurement 
which traditionally resulted the serial parameters of the 
equivalent circuit model. This resistance could be mea-
sured in high temperature because the short circuit causes 
high current, however, that resistance is not to be used in 
the machine model because in short circuit measurement 
the frequency of the rotor is much higher (about 50-100 
times higher) than in the normal operation. The skin effect 
on higher frequencies modify the value of the resistance. 
Though, this effect is highly dependent on the physical 
structure of the electrical machines because e.g. the shap-
ing of the slots is very important regarding the skin effect 
and the proximity effect.
Fig. 1 FOC block diagram. QEI: Quadrature Encoder interface which 
evaluates the encoder signal, MM is the machine model which estimates 
the position and magnitude of the rotor flux, FW is the field weakening 
controller providing flux reference based on the speed reference.
Fig. 2 Vector diagram to exemplify the effect of the inaccuracy in 
position of the stator flux on the stator voltage decomposition. 
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3 Developed Algorithm
The block diagram of the developed algorithm is shown 
on Fig. 3.
SRIMs are used traditionally to help to reduce high 
starter currents with connecting resistances into the rotor 
circuit through the slip rings. The stator has the common 
construction with a three phase windings and laminated 
iron core. The SRIM and SCIM stators are the same. The 
rotor has also a three phase windings which is short circuited 
via the slip rings. From the point of view measurement, the 
SRIM makes it possible to measure rotor current directly 
and because of the similarity with the SCIM it can be a good 
subject of the FOC based SCIM aimed drive verification.
Therefore, model reference adaptive system (MRAS) 
[13, 14] can be built to exploit the benefits of the SRIM. 
First of all, the SRIM makes it possible to measure the 
rotor current and based on that the electromagnetic torque 
can be estimated if the rotor resistance is known Eq. (3). 
On the other hand, the electromagnetic torque can be esti-
mated based on the stator flux and stator current Eq. (5), 
if the stator resistance considered known and the iron loss 
is neglected which is a good approximation in the case the 
high-power motors. The second one can operate as a ref-
erence model in the torque calculation and the rotor resis-
tance can be tuned in the first one [15, 16].
The current sensors in the rotor circuit measure the 
rotor current in the rotor oriented frame (‘), it is trans-
formed to the primary with taking into count the turn ratio 
(). However, it would not be needed from the point of view 
of MRAS, since the torque would be calculated based on 
the signals in rotor frame. Though, the FOC drive systems 
generally use the primary side quantities so the compari-
son between the tested FOC and the estimated rotor resis-
tance by the MRAS is simpler in case of primary side 
transformed rotor resistance.
i a irS N rR' *=      (2)
M p I R
smech
rR rest
*
* * * *= ′ ′
3 12
ω
   (3)
Ψ sS sS sSU i dt= −( )∫     (4)
M p xi
p U i dtxi
ref sS sS
sS sS sS
=
= ∫ −( )
3
2
3
2
* *
*
Ψ
   (5)
Considering two different given cases for the torque 
calculation it is possible to create a PI controller to set the 
error between two estimations to zero. It actuates the rotor 
resistance value which is used in Eq. (3) in each iteration. 
In this article two possible solutions are given to 
express the torque Eq. (3), Eq. (5): the PI controller uses 
the difference between these values to adjust the rotor 
resistance. The PI controller also behaves like a filter, it 
makes the estimation algorithm robust against the mea-
surement noises. 
If the estimated torque is smaller than the reference one 
the controller increase the rotor resistance. In the opposite 
case the controller reduces the estimated rotor resistance 
value. It is important that the value of the rotor resistance 
should be limited above zero and it cannot be negative. 
It is also needed to define an initial value of the resistance.
Fig. 3 Block diagram of the developed algorithm
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4 Implementation of the Algorithm
4.1 Closed-loop Integrators
According to Eq. (4) the stator flux linkage can be cal-
culated by integration of the stator voltage considered 
the voltage drop at the stator resistance. Since the stator 
flux position is very sensitive to the drift in stator voltage 
measurement, the application of the open-loop integrators 
(Fig. 4) is not beneficial. The transient may cause DC off-
set in the flux estimation which strongly deteriorates the 
motor control operation. In addition, using the open – loop 
integrators at low frequencies should be avoided because 
of relative high voltage drop at stator resistance. To prevent 
the previously mentioned problems closed – loop integra-
tors should be used. This kind of integrator can inherently 
compensate DC offset and drift (Fig. 5).
To prove this properties of the closed-loop integrator 
let’s consider the following error in the stator flux linkage 
[17, 18]: 
′ [ ] = [ ]+ [ ]ψ ψ ψs s sn n n∆     (6)
The error is implied the error in the angle of the stator flux.
′ −[ ] = −[ ]+ −[ ]α α αs s sn n n1 1 1∆    (7)
It causes the error in the voltage decomposition into the 
stator flux oriented frame. 
u n u n i n Rsi s s s[ ] = [ ]− [ ]*     (8)
′ [ ] = [ ] ′ −[ ]( ) + [ ] ′ −[ ]( )u n u n n u n nsid six s siy s*cos *sinα α1 1
      (9)
′ [ ] = [ ] ′ −[ ]( ) − [ ] ′ −[ ]( )u n u n n u n nsiq siy s six s*cos *sinα α1 1
      (10)
′ [ ] =
′ [ ]
=ω
ψs
siq
s
n
u n
    (11)
′ [ ] = ′ −[ ]+ ′ [ ]α α ωs s s sn n n T1 *    (12)
if ∆α s n −[ ] >1 0  then ∆ωs n[ ] > 0 therefore ′ [ ] > [ ]ω ωs sn n  
so angle error reduced:
∆ ∆α αs sn n[ ] < −[ ]1     (13)
if the error in the angle of the stator flux is negative the 
situation is the same.
4.2 Data Acquisition Concept
The recommended rotor resistance measurement algorithm 
is based on the motor model. The initial conditions may 
influence significantly the dynamic of the measurement. 
The problem is that the algorithm starts after start trigger, 
thus, a transient is expectable during the measurement. In 
the future the dynamic can be enhanced by means of model 
initial condition adaptation to the actual state of system but 
in this article algorithm start with zero initial conditions. 
Another important aspect of the algorithm implementa-
tion is that model and power parts of the model are not 
real time synchronized, since currently algorithm does not 
use stream, so the signal post-processing based on the mea-
surement log of the DAQ system. Although it is important 
to mention that the sampling of the different measurement 
channels should be real–time synchronized, the require-
ment for this synchronism depends on the dynamics of the 
investigated phenomenon. Currently the article focuses on 
the fundamental frequency related phenomena.
5 Simulation
The purpose of the simulation is to emulate the test 
bench operation. The signals of the current and voltage 
are logged for the signal post processing. The simulation 
of the power circuit is done by means of SimPower System 
toolbox. During the simulation the relevant current, volt-
age and speed signals are acquired by the Simulink 
“ToWorkspace” blocks, data acquisition period is 2 sec-
onds and sampling time is 1 us.
Fig. 4 Open-loop integrator based stator flux estimation
Fig. 5 Close-loop integrator for stator flux estimation, based on the 
decomposition to stator flux oriented frame.
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The SRIM test-bench in BME drive laboratory with 
55kW shaft power was chosen as a subject of the simulation. 
Previously, the motor parameters were identified by the 
traditional blocked–rotor and open–circuit measurement.
The SimPower system model was parametrized by 
these parameters except the iron loss resistance which was 
neglected. The initial value of the rotor resistance was 1 
mΩ, which had got unrealistic high error. It is aimed to 
test the robustness of the proposed procedure against the 
error in the initial value of the rotor resistance.
R m R m L H L H
L mH R
s r sl rl
m Iron
= ′ = = ′ =
= =
32 95 5 340 340
12 3 100
Ω Ω, . , ,
. ,
µ µ
Ω, , ~ . %n RPM s=1500 1 5
The transient of the rotor resistance measurement can 
be seen on Fig. 6, the dashed line represents the real rotor 
resistance value. As it can be seen the settling time of the 
rotor resistance estimation is around 500 us. Based on 
Fig. 7 the static accuracy of the recommended estimation 
procedure can be evaluated, the error of the estimation is 
around 2mΩ. This error is a consequence of the iron losses 
since the torque in the reference model includes the effect 
of the iron losses, this fact is the limitation of this method.
The space vector of the stator flux and stator current 
can be seen on Fig. 8. This figure also shows the space 
vector trajectory of the space vector over time. As it is 
expected the length of the stator flux space vector and sta-
tor current is constant, therefore the trajectory is circle and 
the angle between the space vector of the stator current 
and stator flux are also constant over time.
6 Conclusion
The article introduces an online rotor resistance estimation 
procedure for the SRIM based test bench. As it was men-
tioned the purpose of this algorithm to verify FOC based 
drive system parameter estimation performance over time 
without direct resistance measurement or signal injection.
The recommended algorithm is verified by means of the 
Matlab SimPower System simulation. According to sim-
ulation results the recommended procedure can estimate 
the rotor resistance value with accuracy of few percentage 
with very short settling time.
Future work is related to the proposed algorithm imple-
mentation and test in the BME drive laboratory on the 
SRIM based 55kW test bench.
Fig. 6 Transient of the rotor resistance estimation over time
Fig. 7 Static accuracy of the rotor resistance estiamtion over time
Fig. 8 Trajectory of current and flux space vectors in two different 
moment
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